Background Cardiac transplantation and chronic myocardial infarction interrupt vagal afferent nerve fibers, which originate mainly from the ventricles. Marked 
and RSNA to hemorrhage and volume expansion were measured before and after application of 88% phenol to either the inferoposterior LV (n= 12) or the entire LV (n= 14). In control experiments, measurements were made before and after application of saline to the LV (n= 12). Reflex sensitivity (percent change in RSNA per mm Hg change in LAP) measured during volume expansion was mildly attenuated after both total (prephenol, -9.1±0.7; postphenol, -6.6±0.7; P<.05) and inferoposterior (pre, -12.5±1.8; post, -8.1+0.6;P=.055) LV deafferentation.
Reflex sensitivity measured during hemorrhage was not significantly altered by inferoposterior or total LV deafferentation. Epicardial saline had no significant effect on reflex sensitivity values measured during either volume expansion or hemorrhage. Reflex inhibition of RSNA in response to intracoronary nicotine was abolished after phenol application, indicating adequate ventricular deafferentation. Phenol application had no significant effect on LAP-myocardial segment length relations measured by sonomicrometry (n=6).
Conclusions Interruption of vagal afferent input from the LV has only modest effects on the control of RSNA by the vagal cardiopulmonary reflex. These data indicate that there is considerable redundancy in the vagal cardiopulmonary reflex such that receptors from the lungs and other cardiac chambers can largely compensate for the loss of afferent input from the LV. (Circulation. 1994; 90:2015 -2021 Key Words * nervous system * receptors * reflex . vagus nerve Sensory receptors whose afferent fibers travel to the central nervous system in the vagal nerves are located throughout the cardiopulmonary region. 1 The vagal afferents act in conjunction with the arterial baroreceptors to modulate sympathetic and parasympathetic outflow from the central nervous system in response to a variety of physiological and pathological stimuli.
Cardiopulmonary receptors with vagal afferent fibers are present in the lungs, in all four cardiac chambers, and in the great veins. Although receptors in the atria, ventricles, and lungs each are known to exert an important tonic inhibitory influence over central sympathetic outflow,2 the relative importance of afferent input from each of these regions has not been investigated systematically.
Recent observations indicate that afferent input from the ventricles may be of primary importance in determining the reflex response to alterations of cardiopulmonary pressures and volumes. Marked abnormalities in vagal cardiopulmonary reflexes have been demonstrated in patients with cardiac transplantation and in dogs with chronic myocardial infarction. [3] [4] [5] In both of these conditions, there is interruption of afferent fibers mainly from the ventricles, while atrial and pulmonary afferents remain largely undisturbed. These observations suggest that interruption of afferent input from only the left ventricle can result in marked abnormalities of vagal cardiopulmonary reflexes. However, the mechanism responsible for these abnormal reflexes has not been established, and the relation between ventricular deafferentation and abnormal vagal cardiopulmonary reflexes is unknown. Thus, our experiments were performed to determine the impact of left ventricular deafferentation on reflexes originating from the cardiopulmonary region.
Methods
Experiments were performed in anesthetized, mechanically ventilated dogs with sinoaortic denervation. The dogs were anesthetized with sodium thiamylal (25 to 30 mg/kg IV) followed by a-chloralose (80 mg/kg IV). Supplemental doses of chloralose (10 mg/kg IV) were administered hourly. The dogs were ventilated with a mixture of oxygen and room air. 
Responses to Intracoronary Nicotine
The percent changes in RSNA observed during injection of nicotine are shown in Fig 5. In the inferoposterior deafferentation group (left), injection of nicotine into the circumflex artery elicited large reflex decreases in RSNA (-57.5±5.2%) before phenol application. After phenol, this reflex sympathoinhibition was abolished (-2.9±2.5%), indicating that phenol effectively interrupted vagal afferent fibers in the inferoposterior LV. Similarly, in the total deafferentation group (middle), injection of nicotine into both the circumflex and anterior descending arteries resulted in inhibition of RSNA (circumflex, -57.4±5.7%; anterior descending, -47.5±4.8%). After phenol application, the responses to intracoronary nicotine were abolished, indicating that vagal afferent fibers from the entire LV were interrupted (circumflex, -1.3±2.2%; anterior descending, -1.8±2.4%). In the sham deafferentation group (right), responses to nicotine injection into the circumflex artery were not significantly affected by epicardial saline application.
Effect of Epicardial Phenol on LV Function
To determine whether epicardial phenol altered the mechanical stimulus provided to ventricular receptors by hemorrhage and volume expansion, myocardial segment length changes were measured before and after phenol application in six animals. The results of this analysis are shown in Fig 6. The relations between the changes in LAP and the changes in myocardial segment length elicited by hemorrhage and volume expansion were virtually identical before and after epicardial phenol application.
Discussion
The results of our experiments indicate that interruption of vagal afferents from the left ventricle has minimal effect on the control of sympathetic outflow to the kidney by the vagal cardiopulmonary reflex. To the best and chronic myocardial infarction interrupt afferent fibers that originate mainly in the ventricles, while afferent fibers that originate in the atria and the lungs remain largely undisturbed. However, a causal link between ventricular deafferentation and abnormal vagal cardiopulmonary reflexes has not been established. In fact, recent studies have raised questions about whether vagal cardiopulmonary reflexes are abnormal after cardiac transplantation. Jacobsen et al'1 observed reflex increases in muscle sympathetic nerve activity during low levels of LBNP in transplant patients. However, in their studies, even low levels of LBNP were associated with changes in arterial pressure, which likely engaged the sinoaortic baroreflex. When changes in arterial pressure during LBNP were prevented by concomitant infusion of phenylephrine, reflex increases in muscle sympathetic nerve activity were markedly attenuated. This observation supports the concept that vagal cardiopulmonary reflexes are abnormal after cardiac transplantation. Joyner et al12 observed reflex increases in forearm vascular resistance during low levels of LBNP in patients with heart-lung transplants. However, the number of patients studied was small (three), and comparative measurements were not made in a control group.
Considering the complex pathophysiological state that exists after cardiac transplantation and chronic myocardial infarction, it is possible that there is no relation between abnormalities of the vagal cardiopulmonary reflex and interruption of ventricular afferent fibers. Nevertheless, the existence of a causal relation would have important physiological implications. Such (Fig 4) . Therefore, we conclude that the responses to repetitive manipulations of blood volume are consistent.
Although we measured reflex responses to a mechanical stimulus ( On the basis of these observations, we feel that the responses we measured in our dogs with sinoaortic denervation were mediated exclusively by the vagal cardiopulmonary reflex and that interruption of sympathetic afferents by epicardial phenol had no significant effect on our experimental results.
In summary, our data demonstrate that epicardial phenol effectively interrupts vagal afferent fibers originating in the left ventricle. Control of sympathetic outflow by the vagal cardiopulmonary reflex in response to elevation of cardiac filling pressures is attenuated after phenol-induced inferoposterior and total left ventricular deafferentation. However, the degree of this impairment is very mild. During decreases in cardiac filling pressures, left ventricular deafferentation has no significant effect on reflex sensitivity. From these results, we conclude that sensory input from the left ventricle is not essential to the function of the vagal cardiopulmonary reflexes. Residual receptors located throughout the cardiopulmonary region can compensate for the loss of afferent input from the left ventricle. As a result, reflex control of sympathetic outflow during changes in cardiac filling pressures is largely preserved despite left ventricular deafferentation. Finally, interruption of left ventricular afferent fibers does not replicate the marked reflex abnormalities that have been demonstrated after cardiac transplantation and chronic myocardial infarction. Thus, we speculate that these marked reflex abnormalities must be related to factors other than or in addition to ventricular deafferentation.
